The majority of the population and economic activity of the northern half of Vietnam is clustered in the Red River Delta and about half of the country's rice production takes place here. There are significant problems associated with its geographical position and the intensive exploitation of resources by an overabundant population (population density of 962 inhabitants/km 2 ). Some thirty years after the economic liberalization and the opening of the country to international markets, agricultural land use patterns in the Red River Delta, particularly in the coastal area, have undergone many changes. Remote sensing is a particularly powerful tool in processing and providing spatial information for monitoring land use changes. The main methodological objective is to find a solution to process the many heterogeneous coastal land use parameters, so as to describe it in all its complexity, specifically by making use of the latest European satellite data (Sentinel-2). This complexity is due to local variations in ecological conditions, but also to anthropogenic factors that directly and indirectly influence land use dynamics. The methodological objective was to develop a new Geographic Object-based Image Analysis (GEOBIA) approach for mapping coastal areas using Sentinel-2 data and Landsat 8. By developing a new segmentation, accuracy measure, in this study was determined that segmentation accuracies decrease with increasing segmentation scales and that the negative impact of under-segmentation errors significantly increases at a large scale. An Estimation of Scale Parameter (ESP) tool was then used to determine the optimal segmentation parameter values. A popular machine learning algorithms (Random Forests-RFs) is used. For all classifications algorithm, an increase in overall accuracy was observed with the full synergistic combination of available data sets.
Introduction
Coastal areas are subject to numerous pressures acting on a limited space. The current developments in the context, simultaneously climatic, economic and societal, make governance of changes in the coast areas land cover a fundamental issue. Land Use/Land Cover (LULC) is essential in planning and management activities especially for conserving the eco-environment as well as for urban planning in coastal areas. Nowadays, the use of remotely sensed data in order to produce a LULC map is rapidly increasing since it offers advantages in terms of cost effectiveness and accuracy [1] . Recently, apart from the availability of the Very High Resolution (VHR) European satellite imagery like Sentinel-2, the use of object-based method for extracting LULC is combined with VHR imagery to produce better results. The Sentinel-2 sensor (equipped with a multi-spectral instrument, MSI), launched on 23 June 2015 by the European Space Agency (ESA), provides a significant improvement in spectral coverage, spatial resolution, and temporal frequency over the current generation of Landsat sensors. For land cover/land use mapping Sentinel-2 is especially relevant for the presence of two new bands in the red edge spectrum, at 705 and 740 nm.
The study site is a coastal sector of the Red River delta in Vietnam and the goal is to observe the changes in terms of the land cover of the coast zone. Some thirty years after the economic liberalization and the opening of the country to international markets, agricultural land use patterns in the Red River Delta, particularly in the coastal area, have undergone many changes. As a second phase, a change in land management took place within "Doi Moi" policy framework. A market economy has replaced the socialist economy. This policy, also known as "revival", was proclaimed in 1986 by the Government and the Vietnamese Communist Party to reform and renovate the political and economic field of the country.
This article discusses the implementation of Geographic object-based image analysis (GEOBIA) for coastal mapping of changes of land use in River Red Delta in Vietnam. This is both an opportunity and challenge for GEOBIA in the mapping and monitoring of land use. GEOBIA is a newly evolving sub-discipline of geographic information science (GIScience) devoted to partitioning remote sensing (RS) imagery into meaningful image-objects, and assessing their characteristics through spatial, spectral and temporal scale. At its most fundamental level, GEOBIA requires image segmentation, attribution, classification and the ability to query and link individual objects (a.k.a. segments) in space and time.
Geographic object-based image analysis (GEOBIA) has been gaining prominence in the fields of remote sensing and GIScience over the past decade, especially for the processing of high spatial resolution imagery [2] . The emerging 415 Journal of Environmental Protection trends were found in multiple sub fields of GEOBIA, including data sources, image segmentation, object-based feature extraction, and geo-object-based modeling frameworks [3] . GEOBIA is strongly associated with the notion of image segmentation. Along with the advent of multi-sensor and higher spatial resolution data more research focused on image texture as well as contextual information that describes the association of neighboring pixel values and has been shown to improve image classification results [4] [5] [6] . GEOBIA is a "recent" approach (including theory, methods, and tools) to partition remote sensing imagery into meaningful image-objects, and assess their characteristics through scale. Its primary objective is the generation of geographic information (in GIS-ready format) from which new spatial knowledge or "geo-intelligence" [7] can be obtained. GEOBIA is an evolving paradigm with specific tools, software, methods, rules, and language and it is increasingly being used for studies that need to conceptualize and formalize knowledge representing location based reality [8] . The classification process of this method uses a hierarchical segmentation process at the pre-processing stage so that the object characteristics can be sup- This paper describes new developments in data sources, image segmentation, object-based feature extraction, and geo-object-based modeling frameworks, followed by a discussion about opportunities for future research and conclusions.
Study Site
The majority of the population and economic activity of the northern half of
Vietnam is clustered in the Red River Delta ( Figure 1 ) and about half of the country's rice production takes place here.
There are significant problems associated with its geographical position and year. This is very often preceded by periodic flooding that threatens economic activities in general and agricultural activities in particular. The country's recent transition to a market economy has resulted in increased yields following intensified agricultural activities which led to greater environmental vulnerability.
After some forty years of economic liberalization and the opening of the country to international markets, agricultural land use patterns in the Red River Delta, and particularly in the coastal areas, have undergone many changes.
The production and marketing of aquaculture products in the coastal areas of Vietnam are very significant economic issues as they have allowed, and still allow, a rapid improvement in the income levels of the local population. This includes peasants and fishermen who rely heavily on the natural resources of the coastal zone to increase production. Mangroves and even rice paddies are being replaced by aquaculture fields at an unprecedented pace [11] . These land use changes, which mean that increasingly larger areas are taken over by aquaculture ponds, have unfortunately contributed to a decline in mangrove forests. Since the latter is a protective component in the coastal zone, water pollution due to effluents of waste products discharged from livestock plots, has increased. The natural resources of this environment are under extreme threat due to intensive exploitation. All of these problems necessitate land-use planning by studying the country's economic and political changes in order to find sustainable crops or to protect the environment in the coastal region of the delta.
Current land use in the coastal area is farming, with rice as the main crop.
Two rice crops and one dry crop is produced per year [12] : sweet potatoes, potatoes, peanuts, tobacco, corn, etc. In some very low-lying, salty and recently cleared areas, bulrush is temporarily grown to improve the soil quality before 
Land Management in the Delta of the Red River
As a second phase, a change in land management took place within "Doi Moi" 
Data Set and Rice Cultivation Schedule
In this article, we used Sentinel-2 optical satellite data and optical Landsat-8 data (Table 1) . Table 2) . for cirrus cloud detection. The other OLI bands are spectrally narrower in most cases than the corresponding ETM+ bands [15] (Table 3) .
We linked the shooting dates of the satellite images available for our study (Table 4 and Table 5 ).
Methodology
The [27] . Among many advantages of Random Forest the significant ones are: unparalleled accuracy among current algorithms, efficient implementation on large data sets, and an easily saved structure for future use of pre-generated trees [15] .
In this work, the setting used for Random Forest was: Maximum depth of the tree (25) , Minimum number of sample in each node (50) and Cluster possible values of a categorical variable into k (k = 8).
Results and Discussion
The methodological objective of this study was to evaluate the performance of Hai, namely the replacement of salt marshes and rice fields with aquaculture ponds. The reality is that, instead of earning only 10 million VND (Vietnamese currency) per hectare of rice, farmers can get 114 million VND for one hectare of shrimp ponds. This means that with shrimp production they can earn ten times more than with the production of salt or rice. As a result, 380 ha of salt marshes were changed to aquaculture ponds, increasing surface area occupied by aquaculture in the district to 1000 ha [29] .
Conclusions
Despite some limitations, the image processing performed in this study is suitable for Vietnam's highly fragmented and dynamic coastal area thanks to its effectiveness in detecting changes in land use and in identifying the categories themselves. The image processing shows the environmental degradation due to land-use changes, including mangrove cutting and the disappearance of rice paddies and salt marshes, as well as the pollution of aquaculture ponds.
Geographic Object-Oriented (GEOBIA) concepts and methods have been successfully applied to study of changes land cover in Red river delta, district of Tien Hai. The emerging trends were found in multiple sub fields of GEOBIA, including data sources, image segmentation, object-based feature extraction, and Journal of Environmental Protection geo-object-based modeling frameworks. Segmentation is the partitioning of an array of measurements on the basis of homogeneity. It divides an image-or any raster or point data-into spatially continuous, disjointed and homogeneous regions referred to as "segments". In feature extraction, it can be regarded as an end in itself. In GEOBIA, it is one step in a processing chain to ultimately derive "meaningful objects". A very important concept to distinguish GEOBIA from per-pixel approaches is the ability to address a multiplicity of scales within one image and across several images. The ESP2 tool was used to select a parameter which is unique to the landscape structures. The image object is classified with machine learning methods (such as random forests) based on semantic network model and hybrid (top-down, bottom-up) control tactics.
In view of the rapid development of the global changes of coastal zone, with all its positive and negative effects on prevailing socio-ecological systems, the demonstrated low cost approach based on open source data is of high relevance to all aspects, i.e. planning, decision making, management, and monitoring, of an integrated and sustainable management of the coastal zone.
